is not a good solution for mass production. energization. The prestress is applied with rigid coil prestress by shims, inserted at the collaring time, displacement of strands during the magnet the collars. A third reason is that the control of the prestress. This prestress is required to avoid the shims, with the risk of damaging the coils and performance of a superconducting magnet is the coil the tapered keys to dismantle the assembly to insert described in [2]. A major concern for the quench the prestress. Furthermore, one has to fully remove in the Table 1 . The manufacturing of the magnet is stacking at 90° ) doesn't give an easy way to measure elsewhere [1]. Its main characteristics are summarized way to clamp the collars in a quadrupole ( alternated The design of this magnet has been described quadrupole design. Contrary to the dipole case, the cold tests are planned for the month of October 1993.
The choice of the thickness of the shim is made Peak field (T) 7.76 Overall current density (A/mm') pressure of 50 MPa. 530 Magnetic length (m) 3.055 collar cavity when one applies to it the azimuthal Inner coil aperture (mm) 56 "good" coil; that means a coil having the size of the Nominal gradient ('l`/ m) 252 The objective is to obtain after the curing phase a Maw r»AizAMr;r1;Rs or me MAGNU We use shims to adjust the size of the pressing bars.
TABLEl the mandrel and the pressing bars of the curing press. pressure is to control the cavity formed by the mould, around the coils with tapered keys .
The method we have chosen to control coil laminations called collars, stacked and clamped is not a good solution for mass production. energization. The prestress is applied with rigid coil prestress by shims, inserted at the collaring time, displacement of strands during the magnet the collars. A third reason is that the control of the prestress. This prestress is required to avoid the shims, with the risk of damaging the coils and performance of a superconducting magnet is the coil the tapered keys to dismantle the assembly to insert described in [2] . A major concern for the quench the prestress. Furthermore, one has to fully remove in the Table 1 . The manufacturing of the magnet is stacking at 90° ) doesn't give an easy way to measure elsewhere [1] . Its main characteristics are summarized way to clamp the collars in a quadrupole ( alternated The design of this magnet has been described quadrupole design. Contrary to the dipole case, the cold tests are planned for the month of October 1993.
A second reason is the process of shimming, in our CEN/Saclay for the Large Hadron Collider. The first of the field quality due to the presence of the shims . quadrupole magnet has been developed at the for several reasons. The first reason is the alteration A prototype of a twin lattice superconducting of these shims during the manufacturing of the magnet coils during the collaring. We wished to avoid the use between the two cables, is about 0.1 mm. The change of final size of the cable stack. The shift on the coil size insulation to creep between the strands, pilots the is presented below.
of filling factor, allowing more or less room for the reach the target point. A summary of these influences pressure allowed for the press. In fact, the variation study the influence of the materials on the ability to required to close the mould above the maximum in [2] . These different conditions have allowed us to factor (from 88.6% to 93%) has increased the pressure the thickness of the insulation for reasons explained specification. But the resulting increase of the filling Kapton insulation between 38% and 48%, and changed strands within the tolerance imposed by the 93%. We have varied also the overlapping of the of the magnet we have changed the diameter of the manufacturing of the coils, with a filling factor of very important. During the early stage of the design made of NbTi/ Cu composite strands, used for the 2) Change of cable : The properties of the cable are strands with a filling factor of 88.6%, the other one
We used for the tests two cables, one made of Cu size (between 15 GPa and 10 GPa ) .
12 GPa and decreases with the increase of the mould B. Experimental results [3] state. The elastic modulus of the samples is around dependant on the thickness of the insulation in its free separately, is subtracted from the results.
-143um and +48 um. These variations are strongly deformation of the compressive mould, measured theoretical one (i.e. the collar cavity) is between theoretical size of the collar cavity. The elastic deviation of the final mould cavity from the determined with a steel master which reproduces the 1) Mould Cavity Size: All along the tests, the stress vs. coil size. The calibration of the coil size is make the compressive test so as to obtain the curve of shown Fig. 3 thicknesses of shims. The same apparatus is used to estimated at +/-10 um. A typical set of curves is we can adjust the mould size with three different displacement for one compressive test of one sample is of the full-length prototype. During the curing phase statistical study of the results, the uncertainty in the identical temperature and pressure profile of the cycle point ( design prestress and size ) (Fig. 2) . From the second layers of the coil. The curing cycle uses the theoretical curve which passes through the target small length reproduction ( 85mm ) of the first and interpolate from the experimental curves the which can be used to simulate the curing process for roughly a linear function of the mould size. We can We have designed a special fixture (Fig. 1) sizes between the shims. So the coil size at prestress is by a certain amount proportional to the difference of A. Principles of the test the three shims are shifted with regard to the others information is very helpful to study the stress adjusting the size of the curing mould to control the distribution of the stress in the collars. This
This result confirms the validity of the concept of the stack give a global information about the from the target with a standard deviation of 23 um.
The photoelastic coatings on the two last collars of dimension of the six samples deviated less than 10 um collaring. collars placed in the middle of the model (Fig. 4) and the cable stack. The variation on the coil size is about
The strain gauges were glued on the "pole" of the doesn't affect the transverse mechanical behaviour of keys.
applied through the hydraulic jack to the tapered insulation the change of the overlapping percentage image processing company [5] . We record also the force 4) Change 0f the overlap : For a given thickness of below) developed by the SATIMAGE, a scientific the elastic modulus is about 25%.
collars, and pressure sensitive paper bundles (see thickness of the insulation (0.3 mm). The decrease of and on the coils, photoelastic coatings on the end coil size is about 0.16 mm, half of the change in the with different sensors : strain gauges on the collars section ) ( Fig. 4) . We have instrumented the model paper we can give the following results (Fig. 5) calculate the mean pressure applied (Fig. 5) . The pressure sensitive bundle is made with a sheet
